Sjö gren's syndrome (SjS) is an autoimmune disease initially targeting primarily the salivary and lacrimal glands, resulting in dry mouth (xerostomia sicca) and/or dry eye (keratoconjunctivitis sicca) disease, respectively. 1 While numerous mouse strains have been developed to study SjS, the NOD mouse has become one of the more extensively characterized for investigating the pathogenesis of autoimmune exocrinopathy. [2] [3] [4] [5] [6] [7] [8] Our analyses indicate that NOD mice exhibit loss of saliva flow (up to 75%) and tear flow (up to 35%) by 16-24 weeks of age 9, 10 concomitant with leukocyte infiltration of the glands, and this contrasts with other strains such as the NFS/sld mutant mouse thymectomized 3 days after birth or the BAFF transgenic mouse which exhibit salivary dysfunction at much older ages (Ishimaru et al, 11 Groom et al, 12 respectively) and often independently of leukocyte infiltration of the exocrine glands. In addition, NOD mice undergo multiple immunopathological changes between 12 and 20 weeks of age, including increases in proinflammatory cytokines, autoantibody production, and levels of acinar cell apoptosis, which closely resemble the disease characteristics in human patients. 9, 10, 12 Interestingly, these pathological changes observed in NOD mice appear to occur as a consequence of altered glandular homeostasis. 13, 14 Aberrant proteolytic activity, elevated apoptosis, downregulated epidermal growth factor (EGF) gene expression, and reduced amylase activity are commonly observed in NOD mice prior to or during disease onset around 8-10 weeks of age. Although what drives these alterations remains unknown, this altered glandular homeostasis could explain why autoreactive T-cells develop responsiveness against exocrine gland cells in this systemic autoimmune disorder. 7, 13 Thus, the NOD mouse model of SjS has given rise to the concept that autoimmune exocrinopathy develops in two phases. 3, 5, 7, [13] [14] [15] [16] [17] The initial phase is lymphocyte-independent and occurs as a consequence of intrinsic problems in exocrine tissue homeostasis or differentiated function, potentially associated with delayed-expression of self-antigens or exposure of cryptic/neo antigens. The second phase involves a subsequent tissue specific immunological attack by activated T-cells, B-cells and their products against corresponding self-antigens that leads to SjS-like autoimmune exocrinopathy in the target organs. [18] [19] [20] Studies using NOD mice, considered the best animal model of type I diabetes (T1D), have identified several diabetogenic genetic regions on different chromosomes, referred to as Idd susceptibility genes, that determine genetic susceptibility to development of T1D. 21, 22 Our previous studies that screened for Idd genes responsible for development of SjS-like disease in NOD mice indicated that two genetic intervals, one containing the Idd5 locus on chromosome 1 and the other containing the Idd3 locus on chromosome 3, control the physiological aberrations and immunological responses, respectively. 2, 23 At the same time, no role for Idd1, containing the MHC locus H-2 g7 could be identified. Subsequent studies showed that Idd3 and Idd5, when placed into C57BL/6 mice, were both necessary and sufficient to permit full development of a SjS-like disease. This new SjS-susceptible strain is designated C57BL/6.NOD-Aec1Aec2, where Aec1 corresponds to Idd3 and Aec2 corresponds to Idd5. 23 Our previous studies defining the SjS-like disease in NOD mice have focused primarily on the role of individual molecules through the use of gene knockout (KO) mice. While the information obtained from such experiments is ideal for uncovering possible roles of these individual molecules in the disease process, such an approach is less than optimal for discovering new genes or molecular networks involved in the development and onset of disease. In the present studies, we have taken advantage of microarray technology to screen large numbers of genes in order to identify those that are differentially expressed temporally in submandibular glands of the newly generated C57BL/6.NODAec1Aec2 mouse relative to the nonautoimmune C57BL/6 parental mouse. Use of C57BL/6.NODAec1Aec2 mice permits comparison with its parental, non-diseased C57BL/6 mice, thereby eliminating differentially expressed genes due to very different genetic backgrounds, for example, in a comparison of NOD vs a control strain.
Materials and methods

Animals
C57BL/6J and C57BL/6.NOD-Aec1Aec2 mice were bred and maintained under SPF conditions within Animal Care Services at the University of Florida, Gainesville. The animals were maintained on a 12 h light-dark schedule and provided water and food ad libitum. For this study, female mice were euthanized at either 8 or 12 weeks of age. Both breeding and use of these animals were approved by the University of Florida, IACUC.
Detection of Differentially Expressed Genes using Microarray Analyses
Hybridizations were carried out using MWG Mouse 30 K A Arrays (MWG Biotech, NC, USA) containing 10 752 genes. Microarray slides were produced inhouse using epoxy-coated slides printed by the MicroGrid TAS II Biorobotics system (Genetix USA Inc., Boston, MA, USA). Total RNA was isolated from the submandibular glands freshly extracted from individual C57BL/6.NOD-Aec1Aec2 (n ¼ 5) and C57BL/6J (n ¼ 5) mice at either 8 or 12 weeks of age using the RNeasy Mini-Kit (Qiagen, Valencia, CA, USA), as per the manufacturer's protocol. Reference RNA was prepared by combining equal quantities of total RNA from the submandibular glands of C57BL/6J mice (n ¼ 8) at 8 weeks of age. The 3DNA Array 350kit (Genisphere Inc., Hatfield, PA, USA) was then used to create the hybridization probes from 500 ng of total RNA for each C57BL/ 6.NOD-Aec1Aec2 mouse (labeled with Cy3) and each parental C57BL/6J mouse (labeled with Cy5). Each Cy3-labeled sample probe was combined with an equal quantity of the Cy5-labeled reference probe and hybridized to a printed array for 16 h at 421C. The slides were then washed, dried by centrifugation, and placed in the dark to avoid exposure to light until scanned. Hybridizations were repeated three times for each RNA sample to improve the accuracy of the measurements.
Data Acquisition
An Affymetrix 428t Scanner (Affymetrix, Santa Clara, CA, USA) was used to create the images by scanning the slide twice, the first time at 532 nm and the second time at 635 nm. This process generated two 16-bit tagged image file format (TIFF) image files. Numerical values for each spot were extracted from the images using MolecularWare (MolecularWare, Cambridge, MA, USA). A statistical program was used to identify/flag spots with low-intensity/ background ratios. This flagging procedure allowed, first, a determination of the data quality for each spot (gene) as being sufficiently good to warrant subsequent analysis, and second, elimination of unreliable elements with expression statistically too similar to the background. After 'flagging', the data were uploaded to a flat file database, where the gene expression information was linked to the coordinates of the spot on the array.
Statistical Analyses
For each RNA sample, the medians of the replicates were determined and used to determine the ratios of expression (log 2 ). Subsequent statistical analyses were based on these median values. The Student's t test was used to identify genes with the highest discrimination power between the comparative groups. On first pass, genes were considered differentially expressed if the P-value o0.0001. Genes of interest were clustered using Cluster software and viewed using TreeView. These microarray data were analyzed further using a nonparametric Mann-Whitney U test (Statistica, Tulsa, OK, USA) in order to identify genes that are statistically different between the C57BL/6.NOD-Aec1Aec2 and C57BL/6 with a P-value o0.01.
Verification of Selected Genes by Semiquantitative RT-PCR
Total RNA was prepared from freshly explanted submandibular glands using the Rneazy Mini Kit (Qiagen, Valencia, CA, USA). cDNA was synthesized using 4 mg of total RNA, Superscript II reverse transcriptase (Invitrogen Life Technologies, Carlsbad, CA, USA), and pd(T)12-18 oligomeric DNA (Amersham Pharmacia, Piscataway, NJ, USA). The cDNA was quantified by spectrophotometry. Semiquantitative PCRs were carried out using 1 mg of cDNA as template. Following an initial denaturation at 941C for 4 min, each PCR was carried out for 40 cycles consisting of 941C for 1 min, optimal annealing temperature for 45 s and 721C for 2 min. The forward and reverse sequences of each primer set are: PCR products were size separated by electrophoresis using a 0.9% agarose gels and visualized with ethidium bromide staining. PCR band intensities were compared to b-actin using the Flourchem Imaging densitometer system (Alpha Innotech Corporation, San Leandro, CA, USA). Relative band intensities were determined by dividing the intensity of selected genes mRNA by the density of b-actin band.
Results
Differential Gene Expression in the Submandibular Glands of 8-week-old C57BL/6. NOD-Aec1Aec2 Mice Normalized to 8-week-old C57BL/6J Mice C57BL/6.NOD-Aec1Aec2 mice exhibit both the pathophysiological characteristics and reduced secretory responses observed with NOD mice; however, the disease process appears to be accelerated in the C57BL/6.NOD-Aec1Aec2 mouse suggesting either the genetic background of C57BL/6J contributes positively to the disease or the genetic background of NOD contributes some resistance genes. 2, 23 The present study was designed to define gene expression profiles within the submandibular glands of C57BL/6.NOD-Aec1Aec2 mice at two time points, 8 weeks of age (representing an early preclinical phase of disease) and 12 weeks of age (representing the early clinical phase of autoimmunity). By examining these two time points, genes identified as being differentially expressed may be correlated with one or more manifestations of abnormal glandular homeostasis and the initiation of the autoimmune response, thus enabling us to separate and dissect the pathophysiological vs immunological aspects of the SjS-like disease. The use of the C57BL/6J and C57BL/6.NOD-Aec1Aec2 combination permits four comparisons: (1) C57BL/ 6J (8 weeks of age) vs C57BL/6J (12 weeks of age) showing normal age-related changes in gene expressions, (2) C57BL/6J (8 weeks of age) vs C57BL/ 6.NOD-Aec1Aec2 (8 weeks of age) showing early phase disease-related gene expressions, (3) C57BL/ 6J (12 weeks of age) vs C57BL/6.NOD-Aec1Aec2 (12 weeks of age) showing late phase disease-related gene expressions, and (4) C57BL/6J (8 weeks of age) vs C57BL/6.NOD-Aec1Aec2 (12 weeks of age) showing changes in both age-and disease-initiating gene expressions. For the current study, the data from (2) and (4) are presented to focus on identification of possible underlying mechanisms for onset of SjS-like disease. We have utilized oligonucleotide microarrays, as opposed to cDNA arrays, making identification of differentially expressed genes faster, although recognizing that organ-specific genes may be missed.
A comparison of differentially expressed genes in the submandibular glands of C57BL/6.NODAec1Aec2 vs C57BL/6J mice at 8 weeks of age (a time at which early preclinical manifestations should be evident and earliest infiltrations of leukocytes be present) identified 75 genes reaching statistical significance from the profiling of 10 752 genes. The expression profiles of these 75 genes are compared in Figure 1 between 5 individual samples from each strain, revealing the consistent differential Figure 1 TreeView map of differentially expressed genes in the submandibular glands of 8-week-old C57BL/6.NOD-Aec1Aec2 mice compared to those of 8-week-old C57BL/6 mice. cDNA from the submandibular glands of individual mice (n ¼ 5 per group) were hybridized against a partial genomic oligonucleotide library (MWG Mouse 30 K A Arrays, MWG Biotech) and further analyzed for significant differences as determined by the Mann-Whitney U test (see Table 1 ). Upregulated genes are shown in red, while downregulated genes are shown in green.
expressions among the individual mice within each group. Of the 75 differentially expressed genes identified in this first analysis, 71 were upregulated and four downregulated in the C57BL/ 6.NOD-Aec1Aec2 mice compared to the parental C57BL/6 mice. The mean expression levels for these 75 genes in the C57BL/6.NOD-Aec1Aec2 mice normalized against the mean expression levels in the C57BL/6J mice are presented in Table 1 together with known biological functions. As might be expected, these genes are involved in multiple cellular functions, including DNA replication, transcription and translation, signal transduction and protein activation, as well as ion transport, metabolism and energy production. In addition, a number of genes encode membraneassociated proteins, while the functions of 15 genes remain unknown. Of particular interest is the fact that five genes are located on chromosome 1 (ie, Ier5, Capn10, Xrcc5, Crry and Gpr66) and two genes on chromosome 3 (ie, 4930431B09Rik and 4930444E23Rik). A closer look at the genes that are differentially expressed at 8 week of age in the submandibular glands of C57BL/6.NOD.Aec1Aec2 mice tend to link membrane proteins involved in signal transductions with intracellular trafficking, especially of vesicles. Genes that encode membrane proteins include Dgat2, Spg3a, AF282293, Gna-rs1, Mpv17, 1700042F02Rik, 3110001D03Rik, and Dsc2, and these, in turn, interact with various intracellular molecules, for example, G-proteins, Cckar, 1700112l09Rik, 2010005A06Rik, Gpr66, Gna-rs1 and Spg3a, which act as chaperones and affect the activity of other molecules. The ion channel molecules such as Cns1a, Slc9a1, AF334612 which are involved in the trafficking of the vesicles, apical sorting of the proteins and subsequent degradation are also upregulated. This is supported by the upregulation of CCKar, AF334612, Synaptogyrins and molecules like Ranbp2 and Cacna1i affecting exocrine secretion and calcium channels, respectively, potentially altering the vesicle transport and/ or saliva secretion. Additionally, calcium is known Two genes that regulate expression of cadherin molecules (Cdh17, AI467391 and Dsc2) were also found to be significantly upregulated.
Differential Gene Expression in the Submandibular
Glands of 12-week-old C57BL/6.NOD-Aec1Aec2 Mice Normalized to 8-week-old C57BL/6J Mice A comparison of differentially expressed genes in the submandibular glands of C57BL/6.NODAec1Aec2 at 12 weeks of age (a time of detectable clinical manifestations characterized by small areas of leukocyte infiltrates) vs C57BL/6J mice at 8 weeks identified 105 genes that reached statistical significance in the profiling of the same 10 752 genes analyzed above. The expression profile of these 105 differentially expressed genes is presented in Figure  2 , again revealing a consistent differential expression among the individual mice within each group. Of the 105 genes, 85 were upregulated and 20 downregulated. A listing of the known biological functions of these 105 genes is presented in Table 2 . These genes encode molecules involved in DNA replication, transcription and translation, protein folding and transport, signal transduction and protein activation, as well as ion transport, metabolism and energy production. In addition, a number of genes encode membrane-associated proteins and proteins involved in intracellular trafficking, ribosomal biogenesis, free-radical neutralization, and immune regulation. The functions of some 25 genes remain unknown. Of the differentially expressed genes, five are located on chromosome 1 (ie, Stx6, Rpl37a, Cdh74921511D23Rik, 1190006A08Rik and 1500032H18Rik) and four on chromosome 3 (ie, H2afz, Adh5, 6330415M09Rik and 4930415G15Rik).
As might be expected from the known pathophysiological analyses of C57BL/6.NOD-Aec1Aec2 mice, several of the genes which were significantly upregulated are associated with either programmed cell death or immune functions. Genes Ppard, Gabrr2, Gabrb2, Pde4b, F2rl1, B2m, Mtcp, Cd5, 2410003B16Rik, 2310043N20Rik, Jcam2, Fut8 and Nfkbib certainly can affect cellular homeostasis through various chemokines, TNF-a responses or MAP kinases eventually leading to apoptosis of the cells. Another group of overexpressed genes includes Synaptogyrins, Synt6 Gabrb2, Cdh7, 1700012B18Rik, Atp8a1 and Aqp2 each associated with intracellular trafficking and vesicular transport through ion channels. These genes can regulate the movement of vesicles from the basal lateral to the apical membrane and possibly contribute to the flow rates of saliva. Interestingly, a similar comparison for differentially expressed genes in the submandibular glands of 12-week-old vs 8-week-old C57BL/6J Figure 2 TreeView map of differentially expressed genes in the submandibular glands of 12-week-old C57BL/6.NOD-Aec1Aec2 mice compared to those of 8-week-old C57BL/6 mice. cDNA from the submandibular glands of individual mice (n ¼ 5 per group) were hybridized against a partial genomic oligonucleotide library and further analyzed as in Figure 1 . Upregulated genes are shown in red, while downregulated genes are shown in green. Figure 1 and Supplemental Table 1 .) Many of these genes appear to be involved in neural or epithelial cell development, as well as cellular homeostasis. All proved to be distinct from the genes differentially expressed in 12-week-old C57BL/6.NOD-Aec1Aec2 submandibular glands.
Validation of Microarray Data by SemiQuantitative RT-PCR
To verify the overall results obtained from the microarrays, a number of genes were selected randomly for semiquantitative RT-PCR analysis. Genes were selected that were expressed at higher levels, lower levels and equal levels between the C57BL/6.NOD-Aec1Aec2 and C57BL/6 mice, as determined by microarray analyses. As shown in Table 3 , the relative expression of these genes in the submandibular glands, as determined by RT-PCR, proved highly consistent with the relative expressions obtained from the microarrays. Furthermore, the calculated differential expressions proved to be greater by microarray than by RT-PCR, consistent with published data (Eckenrode et al 25 
and personal observations).
Association between Selected Differentially-Expressed Genes and SjS-like Autoimmune Exocrinopathy
Identification of large numbers of individual genes that are differentially expressed temporally can present a daunting task in data interpretation. However, this task can be simplified if several functionally associated genes can be linked. One interesting example of functionally linked genes identified by microarray involves cellular apoptosis. As reported in our earlier studies, 4,7,9,26 a wave of apoptosis occurs in the early phases of SjS-like disease, during which time there is a concomitant increased expression of caspase 3. As presented in Table 4 , the caspase 3 gene was found to be highly upregulated at 8 weeks of age in the submandibular glands of C57BL/6.NOD-Aec1Aec2 mice, when analyzed by the Student's t test. Unexpectedly, however, a second caspase gene, caspase 11, was also significantly upregulated, while other caspase genes and mitochondria-associated apoptotic genes were not. As caspase-11 is generally induced by proinflammatory stimuli (Schauvliege et al 27 especially IL-1 and tumor necrosis factor (TNF)-associated proteins, genes of the TNF superfamily represented on the array were selected and examined. As listed in Table 5 in the order of differential expression observed at 8 weeks of age, only about six of the nearly 30 TNF genes, that is, traf6, tnfip6, tnfaip1, tnfrsf13b, tnfsf7 and traf1, were upregulated when compared to those in sex-and age-matched C57BL/6 mice. While most of these genes showed a relative loss of upregulated expression by 12 weeks of age, tnfaip3 (TNF-alpha inducible protein-1), traf3, tnfrsf19 (TAJ/TROY), tnfrsf13 (BAFF receptor) and possibly tnfsf14 (LIGHT) were temporally upregulated in the submandibular glands at 12
weeks as compared to 8 weeks of age. Thus, these results are consistent with immunohistochemical data indicating that a wave of apoptosis occurs around 8 weeks of age in the submandibular glands of C57BL/6.NOD-Aec1Aec2 or NOD mice 26, 28 and, at the same time, provides evidence of a possible novel pathway involving caspase-11 underlying acinar cell apoptosis. Similarly, an upregulation of TAJ/TROY, BAFF-receptor and LIGHT at 12 weeks suggests an appearance of neuro-immunological processes, known to begin around this time.
A second set of functionally associated genes involving the Rac1/MEKK1 signal transduction pathway was examined based on the strong change in the relative gene expression levels exhibited by chimerin (Rac1 suppressor) between 8 weeks and 12 weeks of age (ie, a 2.16-fold increase vs a 2.5-fold decrease, respectively) (see Table 2 ). The Rac1/PI3 K and Rac1/MEKK1 signal transduction pathways are involved in cell proliferation, survival and programmed cell death involving the PKA, ERK1/2, SAPK/JNK and p38-MAPK downstream pathways. Genes within these various pathways present on the array were found to be upregulated significantly in the submandibular glands at 12 weeks of age compared to 8 weeks of age (Figure 3) , as determined by the Student's t test, and these differential expressions were confirmed by RT-PCR profiling. When analyzed more closely, other genes, especially nuclear-associated genes such as c-jun, elk1, sp1, max, Mapkap2 and stat1, were upregulated, while the genes chop, met2 and c-myc were found to be downregulated. Interestingly, the upregulation of NF-kB was coordinated with the upregulated expression of mekk1. Thus, these microarray data point to major temporal changes in gene expression patterns indicative of major alterations in the homeostasis of the submandibular glands between 8 and 12 weeks of age.
Discussion
With the present study, we have applied microarray technology to identify genes that are differentially regulated during early development and onset of SjS-like disease associated with the NOD mouse model. To reduce background noise, we have taken advantage of our recently constructed C57BL/ 6.NOD-Aec1Aec2 mouse strain, a C57BL/6J mouse containing two genetic regions derived from the NOD mouse capable of conferring full-blown SjSlike disease in the resulting congenic mice. 23 This permits a direct comparison between disease-prone C57BL/6.NOD-Aec1Aec2 mice and their parental C57BL/6 partners that exhibit no evidence of SjSlike disease at the time points evaluated. Previous investigations of C57BL/6.NOD-Aec1Aec2 mice have shown that the Aec2 region on chromosome 1 regulates the numerous pre-disease pathophysiological changes in the salivary and lacrimal glands, while the Aec1 region on chromosome 3 controls the autoimmune response leading to clinical disease. 2, 23 Thus, this C57BL/6J-C57BL/6.NOD-Aec1Aec2 congenic mouse combination represents an excellent model for identifying candidate genes responsible for both the early development and eventual onset of SjS-like disease.
To identify candidate genes possibly involved in the early phases of autoimmune xerostomia, we carried out microarray analyses using cDNA prepared from submandibular glands of C57BL/6.NODAec1Aec2 and C57BL/6 mice at two ages: 8 weeks, when the mice exhibit an early preclinical disease, and 12 weeks, when the mice exhibit the first overt signs of an impending autoimmune disease. Histological examinations of the submandibular glands show increased acinar cell apoptosis 13, 28 at the 8 week time point, and first signs of leukocytic infiltration at the 12 week time point, 2,23 although the presence of small numbers of leukocytes (especially dendritic cells and macrophages) are no doubt present in the submandibular glands at both time points. Our comparison of gene expressions between C57BL/6J and C57BL/6.NOD-Aec1Aec2 mice identified some 75 genes at 8 weeks and 105 genes at 12 weeks of age that were differentially expressed (Po0.01) based on the Mann-Whitney U test, with additional genes being identified using less stringent criteria with the Student's t test. While genes differentially expressed at 8 weeks of age in the C57BL/6.NOD-Aec1Aec2 mouse encode products primarily involved in normal cellular processes like transcription, translation, DNA replication, signal transduction, vesicle trafficking and metabolism, the genes differentially expressed at 12 weeks of age encode additional products involved in oxidative phosphorylation, free-radical neutralization, ion channel activity, protein processing and immune function. Using semi-quantitative RT-PCR, we were able to validate the relative levels of gene expressions observed with microarrays. Overall, these data indicate major changes in cellular homeostasis occur in the submandibular glands of C57BL/ 6.NOD-Aec1Aec2 mice during this critical 4 week time frame. Based on genes differentially expressed at a statistically significant level, together with genes that are known to cluster with the identified genes, a number of signal transduction pathways could be identified that apparently are temporally activated and potentially important to onset of SjS-like disease. Several of these pathways are depicted in Figures 4 and 5, and discussed in detail below. Genes differentially expressed in the submandibular glands of C57BL/6.NOD-Aec1Aec2 mice at 8 weeks of age compared to those of age-and sex-matched C57BL/6J mice include several genes encoding molecules associated with apoptosis, for example, F8a, Aplp2, Capn10, Cebpa and Xrcc5 (Ku80). In addition, two cysteine protease genes known to enhance apoptosis, specifically those encoding for caspase-3 and caspase-11, are both upregulated at 8 weeks. While caspase-11 is not expressed constitutively in most cell types, its expression is rapidly induced by proinflammatory stimuli such as LPS or IFN-g as a result of NF-kB and/or STAT1 binding to its promoter. 27 While activation of caspase-11 can lead to caspase-3 activation, it can also promote caspase-1 activation and subsequent production of IL-1b and/or IL-18. 29 Based on the fact that NF-kB is not notably upregulated until 12 weeks of age together with our earlier observation in the NOD mouse that expression of IFN-g in the submandibular gland is increased in very young mice, 30 we would propose that caspase-11 expression at 8 weeks of age is through STAT1 rather than NF-kB (see Figure 4) .
This upregulation of the caspase-11 and caspase-3 genes rather than caspase-9 and bax, together with alterations in specific TNF/TNFR family gene expressions (especially traf6 and traf1) and the early presence of IFN-g, all support the hypothesis that an increase in proinflammatory cytokines (possibly from pattern recognition of extrinsic bacterial/viral Figure 4 Summary of upregulated genes and signal transduction pathways in submandibular glands of C57BL/6.NOD-Aec1Aec2 mice at 8 weeks of age. Genes found to be upregulated are shown in red, while genes found to be downregulated or not represented on the microarrays are shown in black. Discussion of these genes and pathways is presented in the text. pathogen stimuli through toll-like receptor (TLR) signal transduction pathways) leads to the activation of cell death-mediated or ER-mediated rather than mitochondria-mediated pathways. Consistent with this concept is the known increased expressions of ICE, NEDD-2 and Apopain/CCP in NOD mice. 28 Interestingly, the TLR pathways whose genes were identified as being upregulated involves Irf3, Irf5 and Irf7 signaling, all endosome-associated TLRs (Figure 4 ). Genes associated with TLR pathways whose recognition patterns generally involve bacteria (TLR4, TLR1, TLR2 and TLR6) remained unchanged. Nevertheless, it remains premature to conclude that specific cell death-mediated and/or ER-mediated pathways are responsible for the enhanced apoptosis in the exocrine glands of C57BL/6.NOD-Aec1Aec2 mice prior to disease onset without first examining more closely, by other experimental approaches, molecules that are involved in mitochondria-mediated pathways, for example, cytochrome c, Apaf-1, Bax and caspase-9. In any event, since apoptosis and other intrinsic alterations appear to play a major role in the early stages of SjS-like disease in the mouse model, and possibly in humans, blocking the early apoptotic events by targeting caspase-11 (or its human ortholog, caspase-5) represents a new possibility.
Of those genes exhibiting the highest statistical significant differential expressions in the submandibular glands of C57BL/6.NOD-Aec1Aec2 mice at 8 weeks of age, which include F8a (factor VIIIassociated gene A located within intron 22 and associated with Haemophilia A) 31 and Cox-6a (terminal enzyme of the mitochondrial electron transport chain that catalyzes the transfer of electrons from cytochrome c to oxygen and directly related to energy demand through neural activity or muscle adaptation/hormonal changes), 32 perhaps the more fascinating is 1700112L09Rik encoding chimerin. Chimerin is a Rac-1 repressor that, despite being overexpressed more than two-fold in the submandibular glands at 8 weeks, is strongly downregulated at 12 weeks of age, showing a direct relationship with an upregulation Figure 5 Summary of upregulated genes and signal transduction pathways in submandibular glands of C57BL/6.NOD-Aec1Aec2 mice at 12 weeks of age. Genes found to be upregulated are shown in red, while genes found to be downregulated or not represented on the microarrays are shown in black. Discussion of these genes and pathways is presented in the text.
in Rac-1 expression. Rac1 is involved in signaling along several pathways, one involving PI3 K 33, 34 and PKB (Akt) 35 and another involving MEKK1. 36 Both cascades are important regulators of a wide spectrum of biological processes, including cell proliferation, differentiation, apoptosis, lipid metabolism and coagulation. Not surprising, then, genes within these pathways, like Mekk1, Mkk4, Map2k4, p38Mapk, Stat1 and Elk-1 also showed an upregulated expression, even though not always reaching statistical significance. In addition, Rac1 is known to be important in cytoskeletal changes involving E-cadherin and catenin p120/Vav2 37 possibly indicative of glandular remodeling. Since these pathways can be regulated by factors of the TNF super family of genes, a serious question to be asked is whether any link between upregulation of Rac-1 and any TNF-family proteins or receptors exists. This would once again focus attention on molecules encoded by traf6, tnfip6 and tnfaip1 that were upregulated at 8 weeks and downregulated at 12 weeks vs traf3, tnfaip3, tnfrsf13c, tnfsf14 and tnfrsf19 that were subsequently upregulated at 12 weeks. Also of interest is the reduced expression of traf1 that occurs between 8 and 12 weeks of age (Figures 4  and 5) . A loss of Traf1 levels would permit higher expression levels of NIP45, a transcription factor that potentiates NF-kB-driven expression of IL-4, 38 possibly explaining in part the important role IL-4 has been shown to play in development of SjS-like disease in NOD mice using IL-4 KO mice. 3, 39 One temporal inverse relationship worth investigating is that of traf3 vs traf6 gene expression in the submandibular glands of C57BL/6.NOD-Aec1Aec2 mice. As pointed out above, traf6 gene expression is upregulated at 8 weeks, but downregulated at 12 weeks, whereas traf3 gene expression is downregulated at 8 weeks and upregulated at 12 weeks. In a recent study, Häcker et al 40 provided evidence that these two TRAF molecules are involved in controlling diverse signaling pathways. For example, TRAF3 is essential for the induction of type 1 IFNs and the cytokine IL-10, most likely through the recruitment of TBK-1/NAK. Interestingly, our microarray data indicate that both IL10ra and IL10rb genes are upregulated at 12 weeks of age. In addition, TRAF3 appears to be an important downstream transduction signal for BAFF-BAFFR, 41 APRIL-BCMA, 42 CD70-CD27, 43 CD40L-CD40 41 and LIGHT-HVEM, 44 five systems thought to play a role in B lymphocyte hyper-reactivity of SjS. As early signs of an overt autoimmune attack against the submandibular glands of C57BL/6.NOD-Aec1Aec2 mice can be observed by 12 weeks of age, including the appearance of leukocytes, it is important to note that three genes of the TNF superfamily, tnfrsf19 (TAJ/TROY), tnfrsf13 (BAFF receptor) and tnfsf14 (LIGHT) were upregulated in the submandibular glands at 12 weeks as compared to 8 weeks of age, suggesting active signaling processes occurring within infiltrating immune cells, the salivary gland epithelial and/ or neural cells per se ( Figure 5 ). BAFF, for example, is known to regulate lymphocyte survival and activation. 45 BAFF binds to three receptors, BAFF receptor (BAFF-R), transmembrane activator and cytophilin ligand interactor (TACI), as well as Bcell maturation antigen (BCMA) known to be closely associated with the development of germinal-like centers in the salivary glands of SjS patients. 46 ,47 An upregulation of Nik, IKK and Nf-kB downstream of TACI and BCMA or Ppard, Cntn1, Poll and Dyrk1 associated with proliferation may account for the increased maturation and prolonged survival of B cells observed in both SjS patients and C57BL/ 6.NOD-Aec1Aec2 mice. Interestingly, a recent microarray analysis on minor salivary glands derived from human SjS patients also found upregulated BCMA (Tnfrsf17) 48 consistent with our data from the mouse model. Similarly, LIGHT, which binds to the TR2 receptor of CD68-positive macrophages induces the phosphorylation of IkB and nuclear translocation of NF-kB. 49, 50 One potential consequence of LIGHT signaling, as observed in rheumatoid arthritis, 50 might be the upregulation of matrix metalloprotease (MMP)-9 expression, and MMP9 has been shown to be actively induced in the submandibular glands of NOD mice during the disease state. 6, 51 Lastly, an upregulation of tnfrsf19 (Taj/TROY) focuses attention on neural tissue involvement, and studies suggest that the parasympathetic neural system along with the muscarinic acetylcholine type-3 receptor are targets of the autoimmune process. 16 Overall, then, while genes that are upregulated within the submandibular glands of C57BL/6.NOD-Aec1Aec2 mice of 8 weeks of age tend to point to apoptotic events, those upregulated at 12 weeks of age point strongly to early immunoregulatory events.
Other genes that are highly expressed in the submandibular glands of C57BL/6.NOD-Aec1Aec2 mice at 12 weeks of age include Pde4b and Krt1. Stimulation of TLR is known to upregulate Pde4b and production of PDE which, in turn, regulates intracellular levels of cAMP. Elevated intracellular cAMP has been associated with functional inhibition of numerous cell types such as lymphocytes, monocytes, macrophages, neutrophil, eosinophils, and mast cells. 52 Inhibitors of PDE4 have shown the ability to suppress the in vitro responses of cells involved in the inflammatory process; 52 however, only ablation of PDE4B impacted LPS signaling and TNF-a production, thereby demonstrating the highly specialized function of PDE4B in macrophages and its critical role in LPS signaling. 53 Thus, the upregulated expression of Pde4b by 12 weeks of age may indicate the appearance of functionally impaired macrophages, often suggested for the NOD mouse, 54 in the submandibular glands. Similarly, overexpression of Krt1 (keratin) may be a compensatory process for the loss of acinar cells and may explain excessive keratosis observed in the cornea during the disease state.
In summary, these studies represent our initial attempt at using microarray technology to identify genes and gene clusters that may prove important in identifying underlying molecular mechanisms responsible for development of the physiological abnormalities, as well as regulating the autoimmune response, observed in the submandibular glands of C57BL/6.NOD.Aec1Aec2 mice prior to onset of the clinical disease. Although these studies cover only about one-third of the mouse genome, we have identified to date both distinct signal transduction pathways and individual genes that, based on previous studies of the pathophysiological changes occurring in the submandibular glands, represent excellent candidates regulating development of SjSlike disease. These pathways (presented in Figures  3-5) suggest, when extrapolated, that there is an innate immunity that initiates an adaptive immunity favoring B lymphocyte activation. As we continue to mine the microarray data, it is now imperative to determine if such candidate genes and pathways are important or just our biased interpretation.
